The quarks are regarded as quasiparticles, which acquir an effective mass generated by the interaction with the other quarks of the dense system, to calculate the bulk viscosity of strange quark matter. The viscosity including the effect become larger, which is a few tens times larger than a perfect fluid. The limiting spins of possible strange stars may rise to significantly probe submillisecond pusars and the color superconductivity of the interior of strange stars. PACS numbers: 97.60. Gb, 12.38.Mh, 97.60.Jd Probing strange stars is one of significant challenges in astronomy and astrophysics. Searching for quark matter in nature is also very important interesting for nuclear physics. It has been realized that quark matter composed of comparable number of u, d,and s quarks may be stable or metastable phase of nuclear matter [1] . If the proposal be correct, there would exist quark matter in interior of neutron stars or even strange stars. The equation of state (EOS)of strange quark matter(SQM) is often calculated for the study of structure of strange star, or saying, mass-radius(M − R) relation [2] . However, the radius of strange star based on current models are more or less the same as neutron star in observed mass region near 1.4M ⊙ [3]. So far, some investigators tend to believe that some x-ray accretion pulsars are strange stars from M − R relation of strange star but Glendenning don't think that the studies fully rule out the possibility of the pulsars as neutron [4] . As we have known, the limit angular velocity is another possible criterion to distinguish strange from neutron stars [5] . Although Kepler angular velocity is a absolutely limit angular velocity regardless of the properties of matter of star, the largest angular velocities of strange and neutron stars have to be constrained by viscosity of matter dissipating instabilities in rapidly rotating stars [6] . It is very interesting for the calculations of viscosity coefficients of strange matter.
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Starting with Wang and Lu's realization [7] , that strange matter has huge dissipation relative to nuclear matter due to the weak reaction
These authors made a numerical study of evolution of the vibrational energy of a neutron star with a quark core. Sawyer [8] investigated the bulk viscosity as a function of temperature and oscillation frequency. However, Madsen [9, 10] realized that the Sawyer's calculations should be improved in two aspects: The first, the assumption of the rate of Eq(1) to linear order in δµ is not correct at low temperatures(2πT ≪ δµ), where δµ = µ s − µ d , µ i are the quark chemical potentials. The second, Sawyer's rate is too small by an overall factor of 3. According to the considerations, Madsen [10] made a detailed study of the bulk viscosity of strange quark matter. In previous works, the non-interacting quark gas is considered apart from the weak reaction. But as is known, there exists medium effect in quark matter as plasma. One of the most important medium effects are effective masses generated by the interaction of the quarks with system. The quasiparticle picture is often adopted in cold-dense quark matter as well hot quark-gluon plasma. Schertler, Greiner and Thoma [11] have applied the effective theory for studying the medium effect on equation of state(EOS) of strange quark matter in strange star. However,in the picture, the quark matter has been regarded as a Fermi gas of free quasiparticles with effective masses and all thermodynamic formulae persist added the definition of a necessary energy counterterm, which leads to the supplement of the energy density and pressure of strange quark matter [11] [12]. We will see in our calculations that the supplement term only affects the EOS but not contribute to viscosity coefficient. While the masses of constituent particles in ensemble are greatly important for dynamical quantity from primary transport theory. It is fact that the collective degrees of freedom slightly change EOS may be contribute significantly to the dynamical quantities. As shown in [7, 8, 10] ,the masses of constituent particles play the dominated role for SQM bulk viscosity. We will discuss the effect of mass on the viscosity in quasiparticle description. At finite chemical potential(µ i ), the effective (quark) mass of quasiparticle is obtained from zero momentum limit of the quark dispersion following from the hard dense loop(HDL) approximation [13] of the quark self energy. In the case of a vanishing current quark mass, as assumed for up and down quarks, the effective mass is given as follows [14] 
For strange quarks due to non-vanishing current quark masses, we incorporate the current mass into the effective one [15] 
where g is coupling constant of strong interaction. An upper limit for the coupling constant is given by g = 7.7 in [11] . As was used in [11] , we here take g as a parameter ranging from 0 to 5. Furthermore we replace the dispersion relation of the collective quarks branch by ε k = √ k 2 + m * 2 We firstly recall the self-consistent thermodynamics in quasiparticle description by constructing the partition function somewhat different from [11, 12] . We treat an ensemble of quasiparticles as a free, degenerate Fermi gas of particles with a total energy
Due to the µ-dependence of m * (µ) the function E * (µ) = B * (µ)V defines a necessary energy counterterm in order to maintain thermodynamic self-consistency [11, 12] . d denotes the degree of degeneracy and k n k = N is particle number of system. Thus the partition function has
where β = 1 T , T is the temperature. The grand thermodynamic potential in a volume is written as
with
We immediately get the pressure
We also obtain other static quantities such as particle number density and energy density according to thermodynamic relations
To maintain these fundamental relations above, we should require constraint condition [12] ∂P ∂m * µ = 0 (10)
By using (8) we then find that B * will be uniquely defined following from the constraint equation given by Schertler et al [11] .
Therefore the particle and energy densities is explicitly expressed as
In [11] , Schertler, Greiner and Thoma calculated the EOS of the strange matter with medium effect in quasiparticle description utilizing (7), (11) and (12), together with MIT bag constant B 0 , in β-equilibrium. Now we start with the bulk viscosity of SQM in quasiparticle description. We follow the method of derivation of the bulk viscosity which was presented by Wang and Lu [7] and then developed by Madsen [10] .
We still keep the Wang and Lu's notation for convenience, defining v, the volume per unit mass and n i , the quark numbers per unit mass. Assume the volume vibrates around the equilibrium volume v 0 , with the period τ and the perturbation amplitude ∆v.
When the amplitude is small, i. e.
△v v0 ≪ 1, we express the pressure P (t) through a expansion near equilibrium P 0
According to the reaction (1), we shall have
If the net rate of reaction (1) dn d dt and EOS in equilibrium state were given, the mean dissipation rate of the vibrational energy per unit mass can be obtain from following express
It has been certified by Wang and Lu [7] that the first two terms in (13) don't contribute to the energy dissipation rate (15). This conclusion is independent of concrete P 0 . The derivative of the third and fourth terms in () can be obtained from thermodynamical relation
We need slightly change Eq(11) in place of ρ with n i
It immediately reads
where
We continue to use the formula of the reactional rate adopted by Madsen [10] 
The definition of the bulk viscosity is from [8, 10] Finally, it reads
Our derivations are made in quasiparticle description. We find from these equations that B * modifying the EOS due to the medium effect don't contributes to the viscosity, but the effective mass play an important role on it. The prefactors in (20), (24) and (25) differ from that in [10] . They depend not only the chemical potential µ but also coupling constant g due to m * -dependence of k Fi and C i . When taking g = 0, the mass of u,d-quark vanishes, we have (11) and (12) is small under the study [11] , but the small contribution to EOS greatly influences on the dynamical quantity (25). Hence the viscosity ζ is sensitive to the mass m * although the EOS is weakly mass-dependence under the assumption of weak coupling.
Combining Eq(21) with Eq (23), the quantities δµ,
dt can be calculated in principle, but a general solution can't appear analytically because of strong coupling of the two equations. We will give the solution in the high temperature approximation and then the numerical solution for general case similar to that made by Madsen.
When the temperature is high enough, i. e.2πT ≫ δµ, the cubic term δµ 3 in Eq(24) can be neglected. The equations (21) and (23) are easily solved analytically. With Madsen's expression, the bulk viscosity reads
The symbol * is used to distinguish the our result from Madsen's. Here ω = 2π τ , and
These factors depend on not only the current mass m s but also the coupling g when the chemical potential is given. α, β in [10] is independent of the coupling. This is because of inclusion of medium dependent mass effect in our study.
As Madsen has pointed out, the dominating term in rate(24) is proportional to δµ 3 at low temperature (2πT ≪ δµ). Therefore, in general Eqs(21), (23) and (25) must be solved numerically. The results of such calculations for the given parameters g, m s and µ are shown in figure 1. The viscosity is much larger than that from non-interacting quark gas due to medium effect denoted by g, the viscosity including g effect is maximally larger by about two orders of magnitude. To understand deeply the medium effect, we also give the g-dependence of the curves of the viscosity versus ∆v/v, T , shown in Figs2, and 3. In principal, the viscosity become larger with increasing g. Analogous to Madsen's result, the linear effect, i.e. the constant viscosity in Fig 2, dominates at tiny vibrations while the viscosity quickly enlarges when there exist the somewhat larger vibrations. Fig 3 shows that the effect of interacting medium on the viscosity is rather huge except in the extreme high temperature limit, over a few ×10 9 K. To understand the observed pulsar's data, the viscosity for the parameter range of interest is a few ×10 5 a few×10 7 K because Madsen find that the viscosity in the range play an important role if pulsars is strange stars [16] . Because the medium effect can enlarges the bulk viscosity of SQM, the critical spin frequency curves in frequency-temperature space (see the figures in [16] ) will be modified. Fig 3  in [16] shows that a 2-flavor color superconducting phase(2SC) seems marginally ruled out by the observation data, but we can expect that 2SC quark matter stars may be safe absolutely if the medium effect is included.
In summary, the bulk viscosity of SQM including medium effect is derived. 
